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(57) ABSTRACT 

A stability control system (24) for an automotive vehicle 
includes a rollover sensor that may include one or more 

sensor to a various dynamic conditions of the vehicle and a 
controller to control a steering force to reduce a tire moment 
so the net moment of the vehicle is counter to the roll 
direction. The sensors may include a speed sensor (30), a 
lateral acceleration sensor (32), a roll rate sensor (34), a yaW 
rate sensor (20) and a longitudinal acceleration sensor (36). 
The controller (26) is coupled to the speed sensor (30), the 
lateral acceleration sensor (32), the roll rate sensor (34), 
front steering angle sensor (35), pitch rate (38), rear steering 
position sensor (40), and a longitudinal acceleration sensor 
(36). The controller (26) determines a roll angle estimate in 
response at least one or more of the signals. The controller 
(26) changes a tire force vector using by changing the 
direction and/or force of the rear steering actuator and 
brakes in response to the likelihood of rollover. 

Uncompensated Vehicle 

Lateral Force 



Patent Application Publication Oct. 3, 2002 Sheet 1 0f 6 US 2002/0139599 Al 

N GE 
V /% as \QQSQE 10% 202; 3623800 

2QEo> uBmmEQESCD 



Patent Application Publication Oct. 3, 2002 Sheet 2 0f 6 US 2002/0139599 A1 

_l|}|.\l‘|i.i|.||.l..|.l|}i.|.I|.||_ 5072 c 

f + 20525108 §w\\ @2255 mix @5135 )Q@ 
mm, V BE :25 + . .2 ....................................................... -J. 

\\ _ _ 

Qu . _ 

‘1 $522562 4 w . M W“ + \mm wm “ 
\ $252629 3 w _ _ 6x58 Q69 .\ " 

QM: m. m 0 2% All E1021 4.11 mm 0 522 E 8 1A: ‘ " 251 J u 

A1 A, l 1 

@zEwEw 50% N a m " 295336 E: . 

$\?\ 9 .w o _ 2952520 _ 

m a m _ Emzoz All 6528 RM 
_ _ 

F9.“ EE :2 + m m a. u 069 \Qh @232 M526“ 0 

w M . " SE28 E102 @ “ 
mm?zo?mo? % " wmzwwmml ‘1| ill “ 

H. 595 + E " mvzmm mzDwwmE _ 

\ _ 

NV . " ms“ mxém “ 

+ 182% Swim 4 .r ..................................................... -L. 

A1 B5 >><> 

ww\ 



Patent Application Publication Oct. 3, 2002 Sheet 3 0f 6 US 2002/0139599 A1 

r - - - - - - - - - -'-5-_& — — — - - - - — — — — — i A -------- “A * 55 i 62 

6T : ' :Aé'. ’/ I / I -------- "4 Rws 6; + STEERING w E 

AESRSC ; PRIORITY ; FEEDBACK >5 5‘ 
,, I P LOGIC I CONTROL 5 

A5YSQ I i LAW < 
I ’ l 
l | g 
u. _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __.a (j) 

5 % 
U) 

MEASURED REAR 40 
STEERING ANGLE 

42 -\ 

/58 /60 ApRsc: ' 
Ap* ' BRAKE 

‘——"—>YSC ggéggURE p" PRESSURE “J5 /Z0/ 
Ap” —> FEEDBACK n‘ < 

TCS PRIORITY CONTROL § 5 
Ap* ’ LOGIC “1 33 

Ass LAW 
D 

BI“ /Z05 
0- o 
w w 
—| 2 

Q % 
z 

42 / 

/ 

FIG. 5 



Patent Application Publication Oct. 3, 2002 Sheet 4 0f 6 US 2002/0139599 A1 

55 60 42 
AD,‘ 1/ / / 

RSC 

ApYSC BRAKE * PRESSURE w 52 /Z0/ 
T’ PRESSURE —>(p )——> FEEDBACK >§ </ 
___PIC_S__, PR‘OR'TY CONTROL mg 

ABS I a 
LU Q1 / 

-I z 
LU u_| 

% w 
2 

Lu 
CC 
3 

a n: 

9 ii /»Z/0 
1;; $ 
35 
CD 

+ 
E H'GH “SURFACE 
l 

12 i 
g : LOW U 2 ; SURFACE 
w I 
Z | 
j . 
O l 
a: 1 

5 a 
0 '5 DEGREE 

REAR STEERING ANGLE 

FIG. 9 



Patent Application Publication Oct. 3, 2002 Sheet 5 0f 6 US 2002/0139599 A1 

A 

QQQ 

8&3 SE28 >525 32 m8 mmnwwmma mvzmm omgwmo a 

a 

a 

a o \v w?umxé o Ive/E M22 Tlv 95 $5 

a 



Patent Application Publication Oct. 3, 2002 Sheet 6 0f 6 US 2002/0139599 A1 

8|“ 6; mg”; @212: Ea 

O5 mlzmm 



US 2002/0139599 A1 

ROLLOVER STABILITY CONTROL FOR AN 
AUTOMOTIVE VEHICLE USING REAR WHEEL 

STEERING AND BRAKE CONTROL 

TECHNICAL FIELD 

[0001] The present invention relates generally to a 
dynamic behavior control apparatus for an automotive 
vehicle, and more speci?cally, to a method and apparatus for 
controlling the roll characteristics of the vehicle by control 
ling the rear steering direction and brakes of the vehicle. 

BACKGROUND 

[0002] Dynamic control systems for automotive vehicles 
have recently begun to be offered on various products. 
Dynamic control systems typically control the yaW of the 
vehicle by controlling the braking effort at the various 
Wheels of the vehicle. YaW control systems typically com 
pare the desired direction of the vehicle based upon the 
steering Wheel angle and the direction of travel. By regu 
lating the amount of braking at each corner of the vehicle, 
the desired direction of travel may be maintained. Typically, 
the dynamic control systems do not address roll of the 
vehicle. For high pro?le vehicles in particular, it Would be 
desirable to control the roll over characteristic of the vehicle 
to maintain the vehicle position With respect to the road. 
That is, it is desirable to maintain contact of each of the four 
tires of the vehicle on the road. 

[0003] Vehicle rollover and tilt control (or body roll) are 
distinguishable dynamic characteristics. Tilt control main 
tains the vehicle body on a plane or nearly on a plane parallel 
to the road surface. Roll over control is maintaining the 
vehicle Wheels on the road surface. One system of tilt 
control is described in US. Pat. No. 5,869,943. The ’943 
patent uses the combination of yaW control and tilt control 
to maintain the vehicle body horiZontal While turning. The 
system is used in conjunction With the front outside Wheels 
only. To control tilt, a brake force is applied to the front 
outside Wheels of a turn. 

[0004] One knoWn yaW control system described in US. 
Pat. No. 5,634,698 uses rear Wheel steering to help achieve 
yaW stability using brake control. HoWever, this system does 
not provide or teach the use of such a control for preventing 
rollover of the vehicle. 

[0005] Another knoWn system for preventing rollover is 
found in US. Pat. No. 6,065,558, Which applies brakes to 
the outside front Wheels to prevent rollover. In certain 
maneuvers, hoWever, application of front brakes alone may 
not be desirable due to the particular handling characteristics 
of the vehicle. 

[0006] It Would therefore be desirable to provide a roll 
stability system that detects a potential rollover condition 
and temporarily applies steering and braking in a desired 
direction to counter rollover. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the invention to provide 
a roll control system for use in a vehicle using steering 
direction of the rear Wheels together With application of 
brakes. 

[0008] In one aspect of the invention, stability control 
system for an automotive vehicle includes a plurality of 
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sensors sensing the dynamic conditions of the vehicle and a 
controller that controls a rear steering direction and brake 
force to reduce a tire moment so the net moment of the 
vehicle is counter to the roll direction. The sensors may 
include a speed sensor, a lateral acceleration sensor, a 
longitudinal acceleration sensor, a roll rate sensor, and a yaW 
rate sensor. A controller is coupled to the sensors to deter 
mine a roll angle estimate. The controller determines the 
direction and steering effort change in response to the 
relative roll angle estimate to counter roll. 

[0009] In a further aspect of the invention, a method of 
controlling roll stability of the vehicle comprises the steps 
of: 

[0010] determining a roll angle estimate in response to a 
rollover sensor; and 

[0011] controlling a rear steering actuator and a brake 
controller to a predetermined tire force vector in response to 
the relative roll angle estimate. 

[0012] One advantage of the invention is that such systems 
may be easily implemented into a steer-by-Wire system. 

[0013] Other objects and features of the present invention 
Will become apparent When vieWed in light of the detailed 
description of the preferred embodiment When taken in 
conjunction With the attached draWings and appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a diagrammatic rear vieW of a vehicle 
With force vectors not having a roll stability system accord 
ing to the present invention. 

[0015] FIG. 2 is a diagrammatic rear vieW of a vehicle 
With force vectors having a roll stability system according to 
the present invention. 

[0016] FIG. 3 is a block diagram of a roll stability system 
according to the present invention. 

[0017] FIG. 4 is a block diagram for the closed loop rear 
steering control system according to the present invention. 

[0018] FIG. 5 is a block diagram for the closed loop brake 
pressure control system Without brake pressure sensor 
according to the present invention. 

[0019] FIG. 6 is a block diagram for the closed loop brake 
pressure control system With brake pressure sensor accord 
ing to the present invention. 

[0020] FIG. 7 is a How chart of a roll moment distribution 
determination according to the present invention. 

[0021] FIG. 8 is a How chart of brake pressure and rear 
Wheel steering amount determination according to the 
present invention. 

[0022] FIG. 9 is a plot shoWs the relationship betWeen the 
rear steering generated rolling moment and the rear steering 
angle according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Referring to FIG. 1, an automotive vehicle 10 
Without a rollover stability system of the present invention 
is illustrated With the various forces and moments thereon 
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during a rollover condition. Vehicle 10 has right and left tires 
12 and 13 respectively. The vehicle may also have a number 
of different types of steering con?gurations including having 
each of the front and rear Wheels con?gured With an inde 
pendently controllable actuator, the front and rear Wheels 
having a conventional type system in Which both of the front 
Wheels are controlled together and both of the rear Wheels 
are controlled together, a system having conventional front 
steering and independently controllable rear steering for 
each of the Wheels or vice versa. A variation of a control 
system for each Will be described beloW. Generally, the 
vehicle has a Weight represented as M*g at the center of 
gravity of the vehicle. A gravity moment 14 acts about the 
center of gravity (CG) in a counter-clockWise direction. A 
tire moment 16 acts in a clockWise direction about the center 
of gravity. Thus, the net moment 18 acting upon the vehicle 
is in a clockWise direction and thus increases the roll angle 
20 of the vehicle. The lateral force 22 at the tire 12 on the 
ground (tire vector) is a signi?cant force to the left of the 
diagram capable of overturning the vehicle is uncorrected. 

[0024] Referring noW to FIG. 2, a roll stability control 
system 24 is included Within vehicle 10, Which is in a roll 
condition. The forces illustrated in FIG. 2 are given the 
same reference numerals as the forces and moments in FIG. 
1. In FIG. 2, hoWever, roll stability control system 24 
reduces the tire moment 16 to provide a net moment 18 in 
a counter-clockWise direction. Thus, the tire vector or lateral 
force 22 at tire 12 is reduced as Well. This tendency alloWs 
the vehicle to tend toWard the horiZontal and thus reduce 
angle 20. 
[0025] Referring noW to FIG. 3, roll stability control 
system 24 has a controller 26 used for receiving information 
from a number of sensors Which may include a yaW rate 
sensor 28, a speed sensor 30, a lateral acceleration sensor 32, 
a roll rate sensor 34, a steering angle sensor 35, a longitu 
dinal acceleration sensor 36, a pitch rate sensor 38, a rear 
steering position sensor 40. As illustrated, sensors 28-40 are 
coupled to brake and steering system 42. Sensors 28-40 may 
be a part of these systems and therefor are illustrated coupled 
to boX 42. As Will be described beloW certain of these 
sensors may also be used by or incorporated into other 
vehicle systems including an antilock brake system having 
an ABS controller 44, a traction control system having a 
TCS controller 46 and an yaW stability control (YSC) 
system having a YSC controller 48. 

[0026] Based upon inputs from the sensors, controller 26 
controls a tire force vector by rear steering and brake control 
as Will be further described beloW. Rollover sensor is used 
to describe one or more of the sensors 28-40 used to 
determine the likelihood of a rollover condition or roll angle 
for the vehicle. Depending on the desired sensitivity of the 
system and various other factors, not all the sensors 28-40 
may be used in a commercial embodiment. Various types of 
sensors may be used to provide the desired signals. 

[0027] Lateral acceleration, roll orientation and speed may 
be obtained using a global positioning system (GPS). 
[0028] There are many possible Ways to measure, estimate 
or infer the roll and pitch condition of the vehicle. The roll 
rate sensor 34 and pitch rate sensor 38 may be replaced With 
a number of other vehicle measurements or combinations of 
measurements. 

[0029] Roll rate sensor 34 and pitch rate sensor 38 may 
determine the roll condition of the vehicle based, in part, on 
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sensing the height of one or more points on the vehicle 
relative to the road surface. Sensors that may be used to 
achieve this include a radar-based proXimity sensor, a laser 
based proXimity sensor and a sonar-based proXimity sensor. 

[0030] Roll rate sensor 34 and pitch rate sensor 38 may 
also sense the roll condition based on sensing the linear or 
rotational relative displacement or displacement velocity of 
one or more of the suspension chassis components Which 
may include a linear height or travel sensor or a rotary height 
or travel sensor. 

[0031] Roll rate sensor 34 and pitch rate sensor 38 may 
also sense the roll condition based on the preceding position 
measurements or other inertial measurements combined 
With Wheel speed sensors used to look for abnormal changes 
in one or more Wheel velocities that may indicate a Zero 

normal load on the tires. 

[0032] Roll rate sensor 34 and pitch rate sensor 38 may 
also sense the roll condition based on one of the preceding 
position measurements or other inertial measurements com 
bined With a driver heading command input from an elec 
tronic component that may include steer by Wire using a 
hand Wheel or joy stick. 

[0033] The potential of a roll condition is associated With 
a Zero normal load or a Wheel lift condition on one or more 

of the Wheels. A Zero normal load, and thus a roll condition 
may be determined by sensing the force or torque associated 
With the loading condition of one or more suspension or 
chassis components including a pressure transducer in a 
suspension actuator. Similarly, a load cell or a strain gauge 
may be mounted to measure the force in a suspension 
component. The Zero normal load condition may be used 
alone or in combination With other displacement or inertial 
measurements to accurately monitor the vehicle roll condi 
tion. 

[0034] The poWer steering system actuation can be moni 
tored to infer the normal load on the steered Wheels. The 
steering load can be monitored by measuring one or more of 
the absolute or relative motor load, the steering system 
pressure of the hydraulic lines, tire lateral force sensor or 
sensors, a longitudinal tire force sensor(s), vertical tire force 
sensor(s) or tire sideWall torsion sensor(s). The steering 
system measurements used depend on the steering system 
technology and the sensors available on the vehicle. 

[0035] The roll condition of the vehicle may also be 
established by one or more of the folloWing translational or 
rotational positions, velocities or accelerations of the vehicle 
including a roll gyro, the roll rate sensor 34, the yaW rate 
sensor 28, the lateral acceleration sensor 32, a vertical 
acceleration sensor, a vehicle longitudinal acceleration sen 
sor, lateral or vertical speed sensor including a Wheel-based 
speed sensor, a radar-based speed or proximity sensor, a 
sonar-based speed or proXimity sensor, a laser-based speed 
or proXimity sensor or an optical-based speed or proXimity 
sensor. 

[0036] Speed sensor 30 may be one of a variety of speed 
sensors knoWn to those skilled in the art. For eXample, a 
suitable speed sensor may include a sensor at every Wheel 
that is averaged by controller 26. Preferably, the controller 
translates the Wheel speeds into the speed of the vehicle. 
YaW rate, steering angle, Wheel speed and possibly a slip 
angle estimate at each Wheel may be translated back to the 
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speed of the vehicle at the center of gravity (V_CG). Various 
other algorithms are known to those skilled in the art. Speed 
may also be obtained from a transmission sensor. For 
example, if speed is determined While speeding up or 
braking around a corner, the loWest or highest Wheel speed 
may not be used because of its error. Also, a transmission 
sensor may be used to determine vehicle speed. 

[0037] The added components of the present system Work 
together With those normally found in automotive vehicles. 
For example, a front Wheel steering (FWS) and rear Wheel 
steering (RWS) control coordinator may be coupled to 
rollover controller 50. Steering control coordinator 50 is 
used to guarantee proper steering of the vehicle from usual 
to critical conditions. Coordinator 50 gives the driver 
advanced steering feeling. Proper coordination betWeen the 
front and rear steering reduces the turning radius of a 
vehicle, especially in loW vehicle speed. Let of be the 
measured front steering angle, DdR/F* be the desired rear 
steering angle to achieve coordination, then the folloWing 
coordination scheme can be implemented: 

Mme-Kora 

[0038] Where K(v) is a gain factor Which is a function of 
the vehicle velocity v. This desired rear steering angle, 
together With other portion of the desired rear steering 
angles, becomes the foundation for the total target rear 
steering angle of. of is sent to the rear steering control unit 
Which generated the feedback control command to drive the 
rear steering actuator. The coordination control unit 50 may 
control the position of a rear left Wheel actuator, and a right 
rear Wheel actuator. Although as described above, tWo of the 
actuators may be simultaneously controlled. For example, in 
a rack-and-pinion system, the tWo Wheels coupled thereto 
are simultaneously controlled. The closed loop rear steering 
control system is depicted in FIG. 4, Which includes the total 
desired rear steering angle generating unit 59, the rear 
steering feedback control laW 62, the rear steering actuator 
101 and the rear steering angle sensor 40. Where 101 and 40 
are part of the vehicle 42. The total desired rear steering 
angle of , calculated by feeding into the unit 59 the desired 
rear steering angle A6RSc* for achieving roll stability con 
trol, A6YSc* for achieving yaW stability control and A6R/F* 
for achieving coordination betWeen front steering and rear 
steering. This total of, together With the measured rear 
steering angle or is then fed back to the rear steering 
feedback control laW unit 60. This feedback control unit 
calculates the control command to drive the RWS actuator. 
If We de?ne the error betWeen the desired of and the actual 
or as es, i.e . , es=or—or*, then the rear steering control 
command can be calculated as in a PID controller: 

[0039] Where KSP, KSI and KSD are the control gains. In 
digital implementation, this PID control laW can be easily 
discretiZed based on the sampling rate. 

[0040] Controller 26 has a rollover control laW block 52, 
Which represents the determination of a roll condition or 
likelihood of rollover. This may be done by calculating a roll 
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angle of the vehicle. Based on the inputs from certain of the 
sensors 28 through 40 (referred to as a rollover sensor), 
controller 26 determines the presence or likelihood of a roll 
condition. 

[0041] When the presence or a likelihood of rollover is 
determined in block 52, the rolling moment distribution is 
determined in block 54. The operation of block 52 Will be 
further described beloW. To summariZe, block 52 compares 
the moment to prevent rollover With the moments being 
provided at the brake system and the rear steering Wheel 
system and determining a brake pressure signal and a rear 
Wheel steering signal in response to the distribution. 

[0042] Controller 26 also includes brake pressure priority 
logic 56 and rear Wheel steering priority logic 58. Brake 
pressure priority logic 56 receives a brake pressure signal 
from rolling moment distribution calculator 54. Rear Wheel 
steering priority logic 58 receives a rear Wheel steering 
signal from rolling moment distribution calculator 54. 

[0043] Brake pressure priority logic 56 is also coupled to 
anti-lock brake controller 44, traction control system con 
troller 46, and YSC controller 48. Each of the systems 
including rollover control systems may operate the brakes of 
the vehicle. Brake pressure priority logic 56 determines an 
amount of braking for the individual Wheels in accordance 
With a hierarchical ranking system. The ranking system is 
preferably experimentally determined and based on the 
overall dynamics of the vehicle. Therefore, from one vehicle 
type to the next, this priority scheme may be changed. Brake 
pressure priority logic 56 may also act to maximize the 
amount of desired control from various systems. 

[0044] Rear Wheel steering priority logic 58 is coupled to 
front Wheel steering and rear Wheel steering coordinator 50 
and YSC controller 48. Both of these systems control the 
operation of the steering system of the vehicle and more 
speci?cally the rear steering system of the vehicle. The rear 
Wheel system or steering priority logic 58 is controlled and 
in a hierarchical fashion in a similar manner to that of brake 
pressure priority logic 56. That is, the rear Wheel steering 
priority logic 58 may be experimentally determined to 
provide the desired amount of control for the various sys 
tems coupled thereto including rollover control system 24. 

[0045] Brake pressure priority logic 56 and rear Wheel 
steering priority logic 58 are coupled to brake and steering 
system 42 through a respective brake pressure controller 60 
and a rear Wheel steering controller 62. The brake pressure 
controller 60 and rear Wheel system controller 62 generate a 
respective rear Wheel actuator signal and brake actuator 
signal Which are used to trigger the desired amount of 
braking and rear Wheel steering control. The brake actuator 
control signal may provide a signal for the brakes of each of 
the four corners of the vehicle. 

[0046] FIG. 5 shoWs the closed loop brake control system, 
Which includes the total desired brake pressure generating 
mechanism (unit 58), the brake pressure feedback control 
laW 60, the brake actuator 201 and the Wheel speed sensor 
205. Where 201 and 205 are part of the vehicle 42. The 
desired pressure amount ApRSC* for rollover stability con 
trol, the desired pressure amount ApYSc* for yaW stability 
control, the desired pressure amount ApTcS* for traction 
control and the desired pressure amount ApABS* for anti 
lock braking are fed into the brake pressure priority block 
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58, and a ?nal desired brake pressure p* is calculated. This 
desired brake pressure is then further fed into a brake 
pressure feedback controller, together With the measured 
Wheel speed sensor signals, to generate feedback control 
signals for the brake actuators. If the brake pressure sensors 
are available, the brake closed loop system shoWn in FIG. 
5 can be modi?ed to the system shoWn in FIG. 6. This 
system includes unit 58, unit 60, the brake actuator 201, the 
Wheel speed sensor 205 and the brake pressure sensor 210. 
201, 205 and 210 are part of the vehicle 42. The feedback 
control laW 60 command the hardWare to achieving pressure 
command folloWing. If We de?ne the pressure error as 
ep=p—p*, a PID control scheme can be applied to 60: 

[0047] 
[0048] Referring noW to FIG. 7, the folloWing terms are 
used in the folloWing flow chart: 

Where KBP, KBI and KBD are the control gains. 

: o in moment es1re or contro in 0049 MR R 11' g d ' d f 11' g 
rollover 

[0050] MRWS: The maximum roll moment generated 
through rear Wheel steering at current driving con 
dition 

[0051] MBRKzThe maximum roll moment generated 
through break control at current driving condition 

[0052] C1: The gain factor, Which relates the brake 
pressure and the rolling moment generated from this 
brake pressure 

[0053] C1 changes during driving. C1 may depend 
on: 

[0054] the axle normal force N 

[0055] the surface friction coefficient psmface 

[0056] the front and rear steering angle of and or 

[0057] the total brake piston area Apiston 

[0058] the friction coefficient betWeen the disk 
and the brake lining pdisklining 

[0059] 
[0060] the average distance from the brake pad to the 

Wheel rotation center rO 

[0061] the height of center of gravity of the 
vehicle hcg 

the rolling radius r 

[0062] A mathematical formula for C1 may also be deter 
mined. For example C1 can be expressed as: 

C1: 

[0063] Where Cp is the coefficient used to relate the lateral 
tire forces to the brake pressure, Which is a function of the 
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above listed variables, pO is the nominal brake pressure or 
the pressure at the time the rollover brake control is 
requested, Which can be estimated from a brake system 
model or measured through a pressure sensor. 

[0064] C2: The Gain Factor Which Relates the Steer 
ing Angle and Rolling Moment Generated From This 
Steering Angle. 

[0065] C2 changes during driving. C2 may depend 
on 

[0066] yaW rate 

[0067] vehicle velocity 

[0068] vehicle side slip angle 

[0069] c.g. height 

[0070] surface coef?cient: 

[0071] Since the active rear steering actuation usually 
achieves small angles Within :5 degree range, a mathemati 
cal formula for C2 could be easily obtained. As shoWn in 
FIG. 9, rolling moment generated from the rear steering is 
dominated by the linear relationship. That is, the rolling 
moment generated from rear Wheel steering is proportional 
to the steering angle. It could be Written as the folloWing: 

C2=hcgCsNmmme5I 
[0072] Where CS is a constant depending on the steering 
system. FIG. 9 shoWs the relationship betWeen the rolling 
moment generated from rear steering and the measured rear 
steering angle or. 
[0073] pMAX: the maximum brake pressure can be 
achieved by the involved brake. 

[0074] 6MAX: the maximum amount of rear steering angle 
can be achieved by the rear steering hardWare. 

[0075] The flow chart illustrated in FIG. 7 corresponds to 
rolling moment distribution calculator 54 of FIG. 3. The 
moment to prevent rollover MR is the moment desired for 
controlling rollover. In block 64, if the desired rolling 
moment is less than the maximum roll moment generated 
through rear Wheel steering (MRWS). Step 66 is executed in 
Which the brake ?ag (BRK_FLAG) is set to Zero, the rear 
Wheel steering ?ag (RWS_FLAG) is set to 1, and the max 
?ag (MAX_FLAG is set to Zero. After step 66, block 68 is 
executed and Will be further described beloW. To summariZe, 
block 68 determines the brake pressure and rear Wheel 
steering angle for the vehicle. 

[0076] Referring back to block 64, if the total moment MR 
is not less than the moment provided by the rear Wheel 
steering system, then block 70 is executed. In block 70, if the 
moment to prevent roll MR is less than the moment provided 
by the brake system MBRK. Block 72 is executed in Which 
the brake ?ag is set to 1. The rear Wheel steering ?ag is set 
to Zero, and the max ?ag is set to Zero. After block 72, block 
68 is executed in Which the brake pressure at rear Wheel 
steering angles are computed. 

[0077] Referring back to block 70, if the roll moment MR 
is not less than the roll moment provided by the brake 
system in MBRK than block 74 is executed. In block 74, the 
sum of the moment provided by the rear Wheel steering 
system and the moment provided by the braking system is 
added together and the sum is compared to the total moment 
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to prevent roll. If the total moment to prevent roll is less than 
the sum of the moment provided by the rear Wheel steering 
system and the brake system, then block 76 is executed in 
Which the brake ?ag is set to 1, the rear Wheel steering ?ag 
is set to 1, and the max ?ag is set to Zero. 

[0078] Thus, in block 64, 70, and 74, if the respective 
moment provided by the rear Wheel steering system is great 
enough to prevent roll in block 64 or the moment provided 
by the braking system is large enough to prevent roll, or the 
combination of the tWo is large enough to prevent roll in 
block 74, this is sufficient. If, hoWever, in block 74, if the 
total moments being provided at the rear Wheel steering 
system and the brake system are not great enough, then 
block 78 is executed in Which the brake ?ag is set to one, the 
rear Wheel steering ?ag is set to one, and the max ?ag is set 
to one. The max ?ag is used to trigger the priority system 
into maximiZing the brake force and rear Wheel steering 
angle to prevent rollover of the vehicle. Based on these 
priorities set by the ?ags mentioned in block 66, 72, 76, and 
78, the brake pressure and rear Wheel steering of the system 
is calculated. 

[0079] Referring noW to FIG. 8, the block 68 illustrated in 
FIG. 4 is described in further detail. If the max ?ag is not 
set to Zero in step 80, step 82 is executed in Which the 
maximum pressure and maximum steering Wheel angle is 
provided at the output and used to control the brake pressure 
control and the rear Wheel steering angle of the vehicle. 
Referring back to block 80, if the max ?ag is set to Zero, then 
block 84 is executed in Which the conditions of both the 
brake flag and rear Wheel steering flag are determined. If the 
brake ?ag and the rear Wheel steering ?ag are both not set 
to Zero, then step 86 is executed in Which the amount or 
proportion of roll moment provided by the brake pressure 
and rear steering angle are determined. The brake pressure 
is determined by the formula: 

[0080] The brake rear steering angle is determined by the 
formula: 

[0081] 

[0082] Referring back to step 84, if the brake ?ag and rear 
Wheel steering ?ag are both Zero, then step 88 is executed in 
Which the amount of braking pressure is provided by the 
formula: 

ApRSC*=C1*MR*BRK_FLAG 

[0083] The amount of rear Wheel steering angle correction 
is determined by the formula: 

[0084] In block 90, the brake pressures and the rear 
steering angles are provided to a distribution block 90 and 
are thus provided to the particular brake system or steering 
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system to effectuate the desired amount of control. During 
operation, these systems Will continuously update to change 
the desired amount of control based on the various systems. 

[0085] In operation, various types of steering control may 
be performed depending on the vehicle characteristics and 
the steering system. For example, as described above a rack 
system may be controlled to provide a desired change in the 
rear steering angle temporarily to prevent rollover While 
leaving the front Wheels unchanged. Of course, the direction 
of the front Wheels could also be change When the rear 
direction is changed. 

[0086] In a system having independently actuable rear 
Wheels, the relative steering angle betWeen the rear Wheels 
may be changed in response to detected roll Without chang 
ing the position or controlling the position of the front 
Wheels. This may be done by independent control of the rear 
Wheels or simultaneous control of the rear Wheels. This may 
also be done in combination With a desirable amount of 
brake control. 

[0087] As described above the longitudinal acceleration 
sensor and a pitch rate sensor may be incorporated into the 
above tire force vector determination. These sensors may be 
used as a veri?cation as Well as an integral part of the 
calculations. For example, the pitch rate or the longitudinal 
acceleration or both can be used to construct a vehicle pitch 
angle estimate. This estimate along With its derivative can be 
used to improve the calculation of the vehicle roll angle. 

[0088] While particular embodiments of the invention 
have been shoWn and described, numerous variations and 
alternate embodiments Will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only 
in terms of the appended claims. 

What is claimed is: 
1. A rollover control system for an automotive vehicle 

having a front steering system and a rear steering system 
comprising: 

a rear Wheel actuator; 

a rear Wheel position sensor generating a rear Wheel 
position signal; 

a brake actuator; 

a rollover sensor for producing a rollover signal in 
response to an impending rollover of the vehicle; and 

a controller coupled to said rear Wheel position sensor, 
said rollover sensor, said rear Wheel actuator, and said 
brake actuator, said controller generating a rear Wheel 
actuator signal and brake actuator signal in response to 
said rollover signal, said rear Wheel actuator signal 
controlling said rear steering actuator and the brake 
actuator to prevent the vehicle from rolling over. 

2. Astability control system as recited in claim 1 Wherein 
said rollover sensor comprises the combination of a speed 
sensor; a lateral acceleration sensor; a roll rate sensor; and 
a yaW rate sensor. 

3. A stability control system as recited in claim 2 further 
comprising a sensor selected from the group of a steering 
angle sensor, a longitudinal acceleration sensor and a pitch 
rate sensor. 

4. Astability control system as recited in claim 1 Wherein 
said controller changes a tire force vector by changing a 
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direction and rear steering force of said rear actuator in 
combination With a change in brake force. 

5. Astability control system as recited in claim 1 Wherein 
said rear Wheel actuator comprises a ?rst right Wheel actua 
tor and a left Wheel actuator. 

6. Astability control system as recited in claim 5 Wherein 
said controller changes a tire force vector by changing a 
relative direction betWeen said right rear actuator and said 
left rear actuator. 

7. Astability control system as recited in claim 1 Wherein 
said controller comprises rollover control laW coupled to a 
rolling moment distribution calculator. 

8. A method of controlling roll stability of an automotive 
vehicle having a rear steering system comprising the steps 
of: 

determining a roll angle estimate in response to a rollover 
sensor; and 

controlling a rear steering actuator and a brake controller 
to form a predetermined tire force vector in response to 
the relative roll angle estimate. 

9. A method as recited in claim 8 Wherein said vehicle 
comprises a right rear actuator and a left rear actuator and 
said step of generating comprises generating a tire moment 
by changing a relative direction betWeen said right rear 
actuator and said left rear actuator. 

10. A method as recited in claim 8 Wherein said step of 
determining a roll angle estimate comprises the steps of: 

determining a yaW rate for the vehicle; 

determining a roll rate for the vehicle; 

determining a lateral acceleration for the vehicle; and 

determining vehicle speed. 
11. A method as recited in claim 8 Wherein the step of 

controlling comprises the steps of determining a roll 
moment distribution from a brake system and from a steer 
ing system. 

12. Amethod as recited in claim 8 Wherein the automotive 
vehicle comprises an antilock brake system generating an 
antilock brake signal and a traction control system generat 
ing a traction control signal, and further comprising the steps 
of generating a brake actuator signal in response to said 
rollover signal, said antilock brake signal, and said traction 
control signal, said controller generating a rear Wheel actua 
tor signal in response to said rollover signal, said rear Wheel 
actuator signal controlling said rear steering actuator and 
said brake actuator signal controlling said brake actuator to 
prevent the vehicle from rolling over. 

13. A method as recited in claim 12 Wherein a yaW 
stability control system (YSC) controller is coupled to said 
brake pressure priority logic, further comprising the step of 
generating a YSC brake control signal in said YSC control 
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ler, generating a brake actuator signal in said brake pressure 
priority logic in response to said rollover signal, said 
antilock brake signal, said traction control signal and said 
YSC brake control signal. 

14. Amethod as recited in claim 8 further comprising rear 
Wheel steering priority logic, generating said rear Wheel 
actuator signal in response to said rollover signal and said 
YSC rear steering signal. 

15. An automotive vehicle comprising: 

an antilock brake controller generating an antilock brake 
signal; 

a traction controller generating a traction control brake 
signal; 

a front steering system; 

a rear steering system having a rear Wheel actuator and a 
rear Wheel position sensor generating a rear Wheel 
position signal; 

a brake actuator; 

a rollover sensor for producing a rollover signal in 
response to an impending rollover of the vehicle; and 

a rollover controller coupled to said rear Wheel steering 
sensor, said rollover sensor, said rear Wheel actuator, 
and said brake actuator, said rollover controller having 
brake pressure priority logic generating a brake actua 
tor signal in response to said rollover signal, said 
antilock brake signal, and said traction control signal, 
said controller generating a rear Wheel actuator signal 
in response to said rollover signal, said rear Wheel 
actuator signal controlling said rear steering actuator 
and said brake actuator signal controlling said brake 
actuator to prevent the vehicle from rolling over. 

16. An automotive vehicle as recited in claim 15 further 
comprising a yaW stability control (YSC) controller coupled 
to said rollover controller. 

17. An automotive vehicle as recited in claim 16 Wherein 
said YSC controller is coupled to said brake pressure priority 
logic, said YSC controller generating an YSC brake control 
signal, said brake pressure priority logic generating a brake 
actuator signal in response to said rollover signal, said 
antilock brake signal, said traction control signal and said 
YSC brake control signal. 

18. An automotive vehicle as recited in claim 16 further 
comprising rear Wheel steering priority logic, said YSC 
controller is coupled to rear Wheel steering priority logic, 
said YSC controller generating a YSC rear steering signal, 
said rear Wheel steering priority logic generating said rear 
Wheel actuator signal in response to said rollover signal and 
said YSC rear steering signal. 

* * * * * 


